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ABSTRACT

Several methods of training in muscle control are utilized,
singly or concurrently, to facilitate tension reduction in both
student and clinical populations.

Electromyographic methods involving

audio and/or visual feedback, verbal instructions in tensionrelaxation exercises, and autogenic suggestions are the three most
common procedures employed to reduce muscle tension.

However, several

studies in this area (Paul, 1969 ; Cleaves, 1970; Haynes, 1974) have
shown conflicting results regarding the effectiveness of the various
methods of muscle control training.

Psychologists, such as Green,

Green, and Walters (1970) interested in utilizing biofeedback
procedures have made clinical applications combining some form of
verbal instruction and EMG or temperature feedback without a clear
delineation of the effect of one procedure on another.
In the present study 24 female college students were assigned to
four relaxation training conditions for five
sessions.

20

The four conditions were as follows:

minute training
(1) A minimal

treatment condition in which each subject was told simply to relax
without further instructions;

(2) An autogenic condition in which

each subject was given autogenic relaxation instructions; (3) An EMG
feedback condition in which each subject listened to a tone varying
in pitch in proportion to her muscle tension, and (4) A combined
condition in which autogenic and EMG feedback training were given
viii

concurrently.
sessions, a

About a week after the completion of the five training

20

minute follow-up session was used to test retention of

muscle control training.

Microvolt levels were recorded every minute

from the frontalis of each subject during all sessions.
Analysis of the data indicated no significant differences between
the treatment conditions in either training or retention sessions.
However consistent patterns in the data indicated a trend for the
treatment conditions receiving biofeedback to reach lower tension
levels during training.

The combined and minimal treatment conditions

achieved the lowest tension levels during the follow-up session and the
autogenic condition manifested a consistent trend to perform at a
level inferior to the other three conditions over all experimental
sessions.
Speculation about these results and an outline of a possible future
study comparing verbal relaxation training and EMG bio feedback training
were discussed.

vix

CHAPTER I
INTRODUCTION
•

The management of anxiety has been a problem of considerable
interest to psychologists, both for clinical and experimental reasons.
An estimated five per cent of the United States population suffers
from chronic anxiety (Raskin, 1973) and a large proportion of the
people seeking treatment for mental disturbance declare anxiety to
be one of their most distressing symptoms (Paul, 1969a).
Jacobson was the first clinician to demonstrate that the anxious
patient often has abnormally high levels of muscle tension and to use
this fact in treating patients (Jacobson, 1938, 1973).

Jacobson

used a deep-muscle relaxation procedure whereby the tense patient
was taught to cause tension in muscle groups, recognize the tension,
and to note the difference between voluntarily-induced tension and
relaxation in each muscle group.

At about the same time that

Jacobson was developing his progressive relaxation technique,
Schultz began publishing the results of his experiments on producing
the physiological changes associated with hypnosis without inducing
a hypnotic trance (Schultz and Luthe, 1969).

Schultz had devised a

series of "formulas" (verbal phrases) which involved "passively"
(without effort) concentrating on the subjective and physiological
reactions usually associated with hypnosis, such as heaviness,
warmth, and slowed heart and respiration rates.
1

The effects of

2

autogenic training, as Schultz called this procedure, purportedly
included a pervasive feelipg of relaxation, better sleep, and
improved physiological functioning of such organs as the heart,
lungs, and stomach.
Both Jacobson's technique of muscle relaxation and Schultz's

'

combination of autosuggestions and muscle relaxation training have
been used to treat a variety of emotional disorders.

Progressive

relaxation is perhaps the favored technique in the United States,
as Schultz's autogenic training procedure only recently has become
well known in English-speaking countries.

A newer relaxation

procedure, closely related to progressive relaxation training, is
Wolpe's systematic desensitization therapy (Wolpe, 1958).

The

purpose of this technique is to condition muscle relaxation to occur
as a response in a situatiqn which had previously produced anxiety and
muscle tension.

Wolpe utilizes an abbreviated version of Jacobson's

method while doing systematic desensitization.

After explaining to

the patient that muscle relaxation is directly opposed to anxiety,
Wolpe teaches his patient to recognize tension-relaxation differences
in various muscle groups.

Beginning with the arm muscles, Wolpe

proceeds to groups of musclbs in the head, neck, and shoulders,
gradually working down the body.

After the patient has learned to

relax these various muscle groups (which rarely takes longer than
seven sessions), he attempt^ to maintain his relaxed state while
mentally visualizing situations to which he reacts with graded
amounts of anxiety.

When the patient can remain relaxed while
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envisioning the most disturbing situations he can think of, systematic
desensitization has been achieved.

Systematic desensitization

reputedly is useful in treating phobias, neurotically based fears of
a certain object or situation.
Although both Schultz's and Jacobson's relaxation training

!

procedures are directed towards the voluntary control of the muscular
structure, few objective measures of how successfully training is
progressing are directly available to the subject undergoing
treatment.

This lack of feedback about performance may cause the

amount of time involved in deep muscle relaxation training to be con
siderable.

Autogenic therapists caution that four to six months

of sessions given two or three times daily may be required before
positive results are manifested (Jencks, 1973; Luthe, 1970).
Progressive relaxation therapy alone also may involve prolonged
training, on the order of 100-200 sessions (Wolpe, 1956; Rachman,
1968).
Jacobson was the first to use electromyographic (EMG) readings
in an attempt to speed relaxation training.

Using EMG readings as

a guide, Jacobson would report to his patients periodically on the
progress of their training.

Whatmore and Kohli (1968) began using

direct EMG feedback in the 1950's to aid patients suffering from
over-expenditures of energy.

However, the patients reported on in

their article were given extended training over periods ranging from
five to nine years.
What Jacobson and others did is conceptualized today as providing
biofeedback to their subjectjs.

The essence of biofeedback is that

4
the subject is given a display or signal which is contigent upon the
subject's own psychophysiological activity.

In EMG feedback, for

example, the subject is shown what his own muscles are doing.
Much of the current interest in biofeedback is due to the recent
demonstrations that autonomically-mediated responses, such as the *
galvanic skin response, heart rate, blood pressure, and other
vasomotor reactions can be operantly conditioned (cf. Kimmel, 1967).
Research attempting operant conditioning of autonomic responses was
retarded for many years by the influential opinions of Skinner (1938)
and Mowrer (1950) that it could not be done.

However, several

researchers in the 1960's conducted experiments in which subjects
were given feedback of their autonomic performance.

Kimmel and his

associates (Kimmel and Hill, 1960; Fowler and Kimmel, 1963; Kimmel
and Kimmel, 1963; Kimmel and Sternthal, 1967) did many galvanic skin
response (GSR) conditioning, experiments using yoked controls.

Kamiya

(1968, 1969), a well-known pioneer in the biofeedback area,
demonstrated operant control of brain waves in his subjects, as did
Brown (1970) and Mulholland (Mulholland and Runnals, 1962;
Mulholland, 1964; Mulhollancl and Davis, 1966).

Operant conditioning

of various cardiovascular responses has also been demonstrated (e.g.
Brener and Hothersall, 1966; Engel and Chism, 1967; Snyder and Nobel,
1965, 1968; Shapiro, Tursky', and Stern, 1969).

During this decade

Miller (Miller and DiCara, 1967; DiCara and Miller, 1968; Miller and
Banuazizi, 1968) conditioned such visceral responses as heart rate,
gastric functioning, and vasomotor responses in curarized rats,
although many of these experiments proved difficult for him to

5
replicate in the early 1970's (Miller, 1973).
It is against this backdrop of research melding operant
conditioning procedures with psychophysiological preparations that
the biofeedback movement has arisen (cf. the series of volumes titled
Biofeedback and Self-Contrd>l as well as popular books such as Jonas'
Visceral Learning and Brown's New Mind, New Body).

Biofeedback has

particularly flourished amdmg research psychologists with one foot
in clinic or hospital.

As an example, Elmer and Alyce Green working

in their laboratory at the Menninger Foundation have contributed
significantly to the research findings in the biofeedback area.
Green, Walters, Green, and Murphy (1969) gave subjects audio and visual
feedback from EMG surface electrodes on the forearm.

The experimenters

found that subjects could be trained to achieve extremely low levels
of muscle activity in the forearm.

Often the subjects reported that

relaxation spread from the arm over the upper body.

In another

experiment (Green, Green, and Walters, 1970) in which three
physiological functions (EMG, temperature, and alpha brain waves)
were trained concurrently in the same subjects, deep muscle
relaxation was hindered when subjects were asked to concentrate on
temperature and alpha training also.
Budzynski and Stoyva (1969), at the University of Colorado Medical
Center, also have done much to develop muscle feedback into a
practical clinical treatment for tension-related maladies.

They were

the first to develop an integrated digital readout of minute-byminute EMG activity levels and to give subjects analog information
feedback.

Budzynski and Stoyva also began consistently attaching
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electrodes to the forehead frontalis muscle, 'since during tension
headaches there is excessive muscle activity in the head and neck
regions.

Other research (Malmo and Smith, 1955; Balshan, 1962;

Shipman, Oken and Heath, 1970) has substantiated the reliability of
the frontalis to reflect general muscle activity levels in most of*,
the upper body.

In a later experiment (Budzynski, Stoyva, and Adler,

1970) five patients learned to relieve tension headaches by lowering
their frontalis muscle activity levels.

The five patients were

given two or three 30-minute feedback training sessions per week for
four weeks.

At the end of four weeks a statistically significant

reduction in headache activity had occurred.

A statistically

significant reduction in EMG levels from original baseline levels
was also noted at the end of four weeks.

Follow-up results three

months after the end of training indicated that the number of
headaches experienced by the five subjects remained low, especially
for patients who continued to practice relaxing at home each day.
In another experiment with normal college students, Budzynski
and Stoyva (1969) discovered that after biofeedback training
experimental subjects had EMG levels 50% lower than baseline levels,
compared to a 287, lower EMG level for a steady-low-tone group and a
247<> lower EMG level for a no-tone group.

Budzynski and Stoyva

concluded that biofeedback training produces quicker and much more
complete frontalis relaxation than any traditional methods such as
progressive relaxation or autogenic training.

However, they did not

include either training condition in their experiment.

/
Budzynski, Stoyva, Adler, and Mulhaney (1973) have recently done
a well-controlled study with clinical subjects.

Eighteen patients,

who had been screened medically and psychologically to insure the
validity of their diagnoses as chronic tension headache sufferers,
were used as subjects.

The patients charted the severity and

frequency of their headaches for two weeks, then were randomly
assigned to one of three groups.

Subjects in one condition received

true EMG feedback from their frontalis muscles; subjects in a second
condition received false feedback (EMG feedback from subjects in
the first group); and subjects in a no-treatment condition received
no training, although they continued to chart the frequency and
severity of their headaches.

Both feedback conditions received 16

sessions of training in the laboratory and were asked to practice
relaxing without feedback regularly at home.

After six weeks of

training the subjects in the true-feedback group had statistically
lower EMG levels than subjects in the false-feedback condition and
the no-treatment condition.

Four of the six patients in the true-

feedback condition, one subject in the false-feedback condition,
and no subjects in the control group experienced a statistically
significant (p

less than .05) decrease in headache activity at

the end of training.

The results indicated that chronic tension

headache patients given audio feedback of their frontalis tension
levels learned to decrease their resting forehead muscle activity
levels 507<> to 707..

This decrease in EMG levels was concurrent with

a decrease (p ^ .05) in the frequency and severity of headache
activity.
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Recently several other feedback studies have been done using
clinical subjects.

Wickramasekera (1972) reported a study using five

subjects suffering from chronic tension headaches.

All subjects

charted headache activity (or three weeks, then were given ten
minutes of instruction incorporating actual feedback training.
Then the subjects received six 30-minute sessions of false-feedback
followed by six 30-minute sessions of actual feedback.

The results

indicated no significant differences between baseline and falsefeedback sessions, but all five patients experienced a decrease in
the severity of headache activity between the end of the baseline
period and the end of the contingent feedback sessions.
criticize this experiment for two reasons.

One may

The false-feedback

training may have affected the subjects' responses during the true
feedback condition.

Also, the subjects, while in the false-feedback

condition, could have been aware that the tone was not contingent
upon their degree of muscle tension.

Such awareness might have

affected the subjects' willingness to follow the experimenter's
'
instructions and attempt to decrease the tone.
Raskin, Johnson, and Rondestvedt (1973) have done a study
similar to Wickramsekera's with ten chronic anxiety subjects.

The

patients were given frontalis EMG audio feedback training for hourlong sessions five times a week for eight weeks.

The subjects were

also instructed to practice at home for two half-hour sessions each
day.

All ten patients reached the criteria muscle activity level

of 2.5 microvolts within three months, the average training time
required being six weeks.

Although these researchers did not use

y
statistical analysis, four of the ten patients reported experiencing
a significant lessening of their anxiety symptoms.

Five of the six

patients reporting sleep disturbances found their problems
alleviated and four patients with considerable headache activity
reported a lessening in the frequency and duration of their headaches.
Other modes of physiological functioning besides musculature
and temperature control have been researched as possible avenues to
decrease tension and anxiety.

Grim (1971) randomly assigned

ninety-five nursing students to several conditions:

(1 ) subjects

were told to tense their masseter muscle and to hold the tension at
a comfortable level;
muscles;

(2 ) subjects were told to relax their masseter

(3) subjects were told to relax while receiving respiration

feedback through amplified breath sounds;

(4) subjects were told to

relax while listening to an amplified background hum.

The

experimenter summarized the results of his study as indicating that
respiration rate was significantly slowed by amplified feedback as
compared to amplified hum and that attending to proprioceptive
stimuli in a single muscle may cause a tension increase in other
muscles.

The author also filt that amplified feedback of respiration

rate reduced anxiety in all subjects except those with initial,
low tension levels.
Several studies have been mentioned where EMG levels,
temperature, and even respiration rate have been used to produce
relaxation and alleviate tension.

Researchers have begun combining

more traditional methods of producing deep-muscle relaxation, such
as progressive relaxation and autogenic training, with biofeedback
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training, to improve the efficacy of trained relaxation.
In 1967 the Greens developed autogenic biofeedback training in
which audio and visual feedback from the patient's physiological
functions were combined with the autogenic training procedure to enhance both methods of relaxation training.

They also did an

experiment (Sargent, Green, and Walters, 1973) in which patients
suffering from migraine and tension headaches received autogenic
biofeedback training.

Since one symptom of migraine headaches is

increased blood flow in the head, the patients learned to achieve a
positive differential (increased hand temperature and decreased
forehead temperature) between the temperature of their hands and
their forehead temperature, while repeating the autogenic phrases
dealing with warmth and relaxation.
trainer only on alternate visits.

Beginners practiced on the
Finally patient contact was

reduced from bi-weekly visits to once a month over a period of up to
four months.

Two psychologists and one internist independently

evaluated the results of training.

Twelve of the 19 migraine patients

were rated as improved; only two of the four tension headache patients
were rated as improved.

However, Budzynski (1973) has reported that

patients suffering from chronic tension headaches received added
benefits when given verbal relaxation training cassettes in
addition to their EMG biofebdback training in the laboratory.
Diamond and Franklin (1974) reported the results of 292 patients
given biofeedback in combination with autogenic training.

Twenty

patients with migraine headaches were given temperature feedback
and autogenic training.

Although no statistical analysis was done,

li
17 out of the 20 migraine patients were rated as improved.

Ninety-

three patients with mixed vascular (migraine) and psychogenic
(tension) headaches or pure psychogenic headaches were given
combined EMG feedback and autogenic relaxation training; 36 of these
patients improved with this treatment.

Of the 107 patients given *.

EMG biofeedback, temperature biofeedback, and autogenic training, 49
patients showed good improvement.

The researchers felt that both

temperature and EMG feedback training combined with autogenic
training produce the best results.
Researchers have also begun doing well-controlled studies
comparing the effectiveness of the different methods (progressive
relaxation, autogenic training, and EMG feedback) of producing
striate muscle relaxation.
Paul (1969b) investigated the physiological effects of hypnotic
suggestions as compared to progressive relaxation training.

Twenty

normal female undergraduates were assigned to one of three conditions
for two sessions occurring one week apart.

One group received

progressive relaxation training, another group received hypnotic
suggestions emphasizing relaxation, heaviness, and warmth (similar to
the autogenic formulas), and a third group was told to relax without
any assistance being given.

Dependent measures included forearm

muscle tension, heart rate, respiratory rate, skin conductance, and a
self-report anxiety scale.

In the first session progressive

relaxation training produced statistically significant greater
decreases in heart rate and forearm muscle tension than did hypnotic
suggestions, while hypnotic suggestions resulted in significant
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decreases in respiratory rate and subjective reports of anxiety
compared to the control condition.

In the second session one week

later both progressive relaxation and hypnotic suggestions produced
significantly greater relaxation than controls on all dependent
«

measures.

Again relaxation training caused greater reductions in'

heart and muscle tension levels than did hypnotic suggestions.
Haynes (1974) has been one of the few researchers to do a study
comparing the effectiveness of frontalis EMG feedback, Jacobson's
progressive relaxation, arid autogenic training.

One hundred and

twenty university students were assigned to one of the following five
conditions:

(1) frontalis auditory EMG feedback;

(2) passive

relaxation instructions similar to those used in autogenic training;
(3) progressive relaxation instructions;

(4) a false feedback group

which received random auditory feedback not associated with the
subject's EMG level;

(5) a control group instructed to relax with

no further assistance given.

After a ten minute baseline period each

subject was exposed to one1 of the treatment conditions for

20

minutes.

The results indicated that EMG feedback was significantly more
effective (p ^.05) than any other treatment condition in reducing
frontalis tension levels after one session, and passive relaxation
was significantly more effective (p ^ .03) than the no-treatment
control or progressive relaxation conditions in producing low tension
levels after one session.

No significant differences were found

between progressive relaxation, false feedback, and the no-treatment
control condition, an expected finding since his subjects were
exposed to only one training session.
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In another study done with tension headache patients, Haynes
assigned

21

volunteers to either an autogenic training group, a

frontalis EMG feedback group, or a control group instructed only to
relax during six one-half hour sessions.

Both bio feedback and

autogenic relaxation training were statistically more effective than
the control procedure in reducing headache activity, but did not
differ statistically

from each other in effectiveness.

Although, no

statistical information was reported, the autogenic training condition
appeared noteably more effective than either the biofeedback or
control conditions in lowering baseline tension levels for all but
the second and sixth sessions of training, where the biofeedback
condition achieved similar reductions in EMG activity.

The biofeedback

condition appears slightly more effective than the control condition
in producing reductions in baseline muscle activity for all but the
3rd and 4th sessions, where the control condition was noticeably
superior to the biofeedback condition in reducing EMG tension levels.
Cleaves (1970) has dorie a study comparing the effectiveness of
visual biofeedback, audio biofeedback, and a combination of more
traditional relaxation techniques in controlling muscle tension.
Eighty normal female volunteers were randomly assigned to one of the
following four treatment conditions:
simply to relax;

(1 ) a control condition told

(2 ) an audio feedback condition in which the

subjects were instructed that the lower the tone, the lower their
muscle tension level;

(3) a visual feedback condition instructed

that the lower the needle op the meter, the lower their muscle
tension;

(4) a verbal training group which received a cassette tape
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consisting of a concatenation of the Jacobson, Lazarus, Schultz, and
Cox relaxation training procedures.

The 80-minute experimental

session was divided into 60 one-minute trial periods during which EMC
levels were recorded.

Each one-minute trial period was separated by

a 15-second rest period during which the subjects could shift
positions, cough, etc.

•

During the first ten trial periods the

subjects began relaxing.

The next ten trial periods were used to

obtain baseline measures of how relaxed subjects could become without
any formal training.

Next the instructions for each condition were

given and a training session consisting of
to all subjects.

20

trial periods was given

During this training session subjects practiced

relaxing according to the treatment conditions to which they had been
assigned.

During the next ten one-minute trial periods after this

training session, EMG readings were obtained from all subjects in order
to have measures of each subject's EMG level during training.

For

the last ten trial periods of the session, subjects were instructed
to continue relaxing and EMG levels were obtained but no feedback
or verbal instructions were given.

A week later a follow-up session

was held during which subjects were instructed to relax for

20

one-

minute trial periods using the training learned earlier, however, no
feedback or verbal aids were given.

The results indicated that

during and immediately after training the auditory feedback condition
achieved the lowest muscle tension levels, followed by the visual
feedback, verbal training, and control groups.

The only statistically

significant difference during training was due to the difference
between the control and each of the training conditions.

One week
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after training the visual feedback condition manifested the lowest
EMC levels, followed by the verbal training, audio feedback, and
control groups.

Again, thd only statistically significant difference

in the follow-up session was due to the difference between the
control and each of the training conditions.

It is important to

note that during training, as well as during the follow-up session,
neither of the feedback groups demonstrated a statistically
significant greater reduction in muscle activity levels than did the
verbal training condition.

Also, immediately after training no

significant differences were apparent between the verbal training
and control conditions, the audio feedback and verbal training
conditions, or the visual feedback and audio feedback group.

In

discussing his results Cleaves commented that the length of the
experimental session caused subjects, especially in the control
condition, to become restless after the first 25 minutes of the
experiment, both according to their own reports and the experimenter's
observations.

Cleaves also commented that many subjects in the

feedback groups grew bored with concentrating on the feedback

10-20

minutes into the training session when little noticeable change was
occurring.

Cleaves also questioned the validity of his control

condition, stating that since all other groups received audio
stimulation, perhaps a better procedure would have been to give
subjects in this condition poft music.

He cited Stoyva's and

Budzynski's finding that a group receiving low constant noise
produced an increase in EMG tension level compared to a decrease in a
no-noise group to illustrate his point.

Budzynski and Stoyva (1969)
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have also done pilot studies with a tone which fluctuated rapidly;
this tone was irritating to many subjects and produced arousal
effects instead of relaxation.
The studies cited above fail to clarify certain aspects of
relaxation training.

The clinical studies have either used

«

biofeedback alone or combined some form of verbal instructions with
EMG or temperature feedback without a clear delineation of the effect
of one procedure on another.

The few existing studies that compare

more tradition methods of relaxation, such as autogenic training or
progressive relaxation with biofeedback training, show conflicting
results in regard to the superiority of one technique over another.
Cleaves' study was a well-controlled experiment which failed to
verify the superiority of biofeedback trained relaxation as learned
in one extended session.

A more realistic training situation would

involve shorter sessions given over several days.

The present study

compared the effectiveness of autogenic training, EMG feedback
training, and a combination of both methods over six experimental
sessions, five of which are training sessions.

The effectiveness of

each training method was measured by the magnitude of the EMG
muscle tension levels obtained.

It is felt that effective muscle

relaxation training should produce significant reductions in muscle
tension levels during each, session and also produce significant
decreases in initial tension values for succeeding days.

It is also

felt that combining two methods of relaxation (autogenic training
and EMG auditory feedback), both of which have previously been shown
to be effective in reducing muscle tension levels, should lead to an
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even greater reduction in muscle tension levels than either method
used singly.
The present study compared the effectiveness of biofeedback and
a verbal training procedure in reducing muscle tension.

Female

volunteers obtained from introduction psychology classes were
randomly assigned to four conditions for five
The four conditions were as follows:

20

minute sessions.

(1) a minimal treatment condition

in which each subject was fold simply to relax without further
instructions;

(2 ) an autogenic condition in which each subject was

given verbal relaxation instructions;

(3) an EMG feedback condition

in which each subject listened to a tone varying in pitch in
proportion to her muscle tension;

(4) a combined condition in which

autogenic and EMG feedback training were given concurrently.
week after the completion of the five sessions, a

20

About a

minute follow-up

session was run on each subject to test retention of muscle control
training.

|
Microvolt levels were recorded every minute from the

frontalis of each subject during all sessions.

CHAPTER II.
METHOD
Subjects
Twenty-four female student volunteers recruited from Introduction
to Psychology classes were the total sample.

All volunteers were

given research credits for participation plus incentive for
performance in the form of? monetary rewards.

There were four $10

prizes for the subject in each condition who averaged the lowest
tension level and four $5 prizes for the subject in each condition
who averaged the next lowest tension level.

All subjects were

interviewed previous to selection to insure that none of the subjects
had had any previous training in relaxation, including meditation,
and that none of the subjects were on any type of tranquillizer
or relaxant at the time of the experiment.
attend all testing sessions were used.

Only subjects who could

One subject in the feedback

condition was excluded because she informed the experimenter three
days into the training sessions that she had participated in a short
temperature biofeedback training experiment between her initial
screening interview and her participation in the present study.

Due

to equipment malfunctioning, only four of the six subjects in the
autogenic condition, four of the six in the combined condition, and
four of the five subjects in the feedback condition were used in the
presentation and analysis of data for the follow-up session.
18

iy
Equipment
A Biofeedback Technology Model No. 401 EMI pre-amplifier was
used to record all EMG responses.

The output from this pre

amplifier provided the signal used with both the integrator and, in
two of the conditions, the audio feedback apparatus.

Silver/silvef

chloride electrodes were attached to the subject's head by means of
a flexible rubber headband which held the three electrodes one inch
apart on the forehead and approximately one inch above the eyebrows.
The three electrodes consisted of two reference electrodes and a
middle electrode which was a ground to the pre-amplifier.

A

Biofeedback Technology Model No. 215 time period integrator capable of
averaging microvolt peak-to-peak muscle tension levels over a 60second period was used to obtain average frontalis muscle activity.
A standard stereo set of headphones (Biofeedback Technology Model No.

2 11 )

was used to present the instructions for all conditions and the

auditory feedback for two of the conditions.

The two feedback

conditions received a tone which varied in pitch in proportion to the
recorded muscle activity through the headphones.

A Panasonic solid

state tape recorder, Model No. RQ 3095, was used to present the
verbal training tapes and the general instructions for each condition.
Experimental Procedures
Each subject was attached to the electromyographic recorder for
the 30 minutes (20 minutes of which data was recorded) of each of the
six experimental sessions.

The entire surface of the forehead was

cleaned and electrode jelly was applied to the two recording
electrodes and the middle ground electrode.

The electrodes were then
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attached to the head by me^ns of the rubber headband.

While the

subject was being prepared she was given a general introduction to
the experiment consisting qf a brief explanation of the research
project and the equipment (see Appendix A ) .

Each subject was handed

earphones to place on her fiead and shown how to adjust them
comfortably.

The subject was then settled in a supine position in a

recliner chair and told to keep her eyes closed during the session.
After telling the subject to listen for further instructions through
the headphones, the experimenter then left the room.
Frontalis microvolt levels were recorded from each subject every
minute beginning two minutes after the instructions ended.

These

microvolt levels consisted of the integrated EMO responses of the
subject over each consecutive 60-second period of the experimental
session.

Each subject spent five 20-minute periods in the treatment

condition assigned to her and one

20-minute

follow-up session a week

after her training had been completed.
Subjects in the minimal treatment condition were told simply to
relax in the tape recorded instructions, without further directions
as to how to go about this.

They were then given 20 minutes of

undisturbed silence.
The tape recorded instructions for the subjects in the autogenic
condition directed these subjects to relax by concentrating on
following the relaxation phqases (see Appendix B) given them.

The

subjects then received these relaxation phrases every twenty seconds
through the headphone on their right ear, beginning one minute after
the end of the instructions.
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Subjects in the feedback training condition were exposed to a
tone from the receiver on their left ear reflecting their frontalis
tension level throughout the 20 minufe period.

The tape recorded

instructions given to these subjects at the beginning of their
training sessions instructed them to make the tone as low as
possible.
Subjects in the combined condition received a continuous tone
reflecting their microvolt tension level through the headphones on
their left ear, at the same time receiving autogenic relaxation
suggestions every

20

seconds through the headphone on their right ear.

The tape-recorded instructions given to these subjects at the
beginning of their training sessions directed them to concentrate
both on following the autogenic phrases and in making the tone go down.
During the follow-up session all subjects were told to relax as
completely as possible during the experimental session, but received
no relaxation suggestions or feedback through the headphones to aid
them in relaxing.
General instructions relating to the equipment, cash prizes,
and the adjustment of electrodes are given in Appendix A.

Because

of the importance of the instructions for the several conditions
they are given in detail below.

The general rule was to make the

instructions identical wherever possible and to maintain this
identify from session to session.

The instructions for the first

training session were:
Minimal Training Condition:

Begin by changing your position

until you are as comfortable as possible.

I would like you to relax
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as completely as possible at all times during the next twenty minutes.
Please keep your eyes closed and avoid making any unnecessary
movements.

It is very important that you try to relax and remain as

still as possible.
asleep.

However, you should not allow yourself to fall

Okay, we are ready to begin.

(Length of instructions:

one

minute and seven seconds).
Autogenic Training Coridition:

Begin by changing your position

until you are as comfortable as possible.

I would like you to relax

as completely as possible at all times during the next twenty
minutes.

Please keep your eyes closed and avoid making any

unnecessary movements.

It is very important that you try to relax

and remain as still as possible.
yourself to fall asleep.

However, you should not allow

For the next twenty minutes, in order to

help you become more relaxed, you will be presented with relaxation
formulas via the right earphone on your head.
on following these phrases.

You are to concentrate

Simply repeat them to yourself, over

and over, as monotonously as possible during the silent periods
between the phrases.
instructions:

Okay, we are ready to begin.

(Length of

one minute and forty seconds).

Audio Feedback Training Condition:

Begin by changing your

position until you are as comfortable as possible.

I would like you

to relax as completely as possible at all times during the next
twenty minutes.

Please keep your eyes closed and avoid making any

unnecessary movements.

It is very important that you try to relax

and remain as still as possible.
yourself to fall asleep.

However, you should not allow

For the next twenty minutes, in order to
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help you become more relaxed, you will be presented with feedback
from your own muscles via the left earphone on your head.

That is,

the tone from the left earphone will give you a direct reflection of
the amount of muscle tension in the muscles of your face and forehead.
Notice that if you cause tension by clenching your teeth or wrinkling
your forehead, the pitch of the tone will increase rapidly, and, as
you relax, the pitch drops.
this experiment).
possible.

Please try this experiment (pause for

I want you to try to make the pitch as low as

You may experience some difficulty in getting the pitch to

settle down, but don't get frustrated.

Just let yourself go and use

the feedback of your muscles in whatever way it can help you to become
more relaxed.

Okay, we are ready to begin.

(Length of instructions:

two minutes and forty-five seconds).
Combined Autogenic/Audio Feedback Training Condition:

Begin by

changing your position until you are as comfortable as possible.

I

would like you to relax as completely as possible at all times during
the next twenty minutes.

Please keep your eyes closed and avoid

making any unnecessary movements.

It is very important that you try

to relax and remain as still as possible.
allow yourself to fall asldep.

However, you should not

For the next twenty minutes, in order

to help you become more relaxed, you will be presented with feedback
from your own muscles via the right earphone on your head.

That is,

the tone from the right earphone will give you a direct reflection
of the amount of muscle tension in the muscles of your face and
forehead.

Notice that if you cause tension by clenching your teeth

or wrinkling your forehead, the pitch of the tone will increase
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rapidly, and, as you relax, the pitch drops.
experiment.

(Pause for this experiment).

the pitch as low as possible.

Please

try this

I want you to try to make

You may experience some difficulty in

getting the pitch to settle! down, but don't get frustrated.
yourself go and use the feedback of your muscles in whatever
can help you to become more relaxed.

Just let
way it

Also, the next twenty minutes,

in order to help you become more relaxed, you will be presented with
verbal relaxation formulas.
phrases.

You are to concentrate on following these

Simply repeat them to yourself, over and over, as mono

tonously as possible during the silent periods between the phrases.
Try to concentrate both on lowering the tone and following the
relaxation formulas.
instructions:

Okay, we are ready to begin.

(Length of

three minutes and twenty-five seconds).

The instructions for the following four training sessions were:
Minimal Training Condition:

Begin by changing your position

until you are as comfortable as possible.

As you probably remember

from our last session, I would like you to relax as completely as
possible at all times during the next twenty minutes.

Please keep

your eyes closed and avoid making any unnecessary movements.

It is

very important that you try to relax and remain as still as possible.
However, you should not allow yourself to fall asleep.
ready to begin.

(Length of instructions:

Okay, we are

one minute and fifteen

seconds).
Autogenic Training Condition:

Begin by changing your position

and getting as comfortable as possible.

As you probably remember

from our last session, I want you to relax as completely as possible
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by following the verbal relaxation formulas which will be given to
you.

Please remember to repeat them over and over as monotonously

as possible during the silent periods between the phrases.

Remember,

it is very important that you keep your eyes closed and avoid making
«

any unnecessary movements.

It is very important that you try to

relax and remain as still as possible.
yourself to fall asleep.
instructions:

However, you should not allow

Okay, we are ready to begin.

(Length of

one minute and twenty-five seconds).

Audio Feedback Training Condition:

Begin by changing your

position and getting as comfortable as possible.

As you probably

remember from our last session what I want you to do to relax is to
make the pitch of the tone that you hear through your right earphone
go down.

Remember, the tone reflects the muscle tension level in

your face and forehead.
level is also going down.
low as possible.

As the tone goes down, your muscle tension
I want you to try to make the tone as

Remember,! it is very important that you keep your

eyes closed and avoid making any unnecessary movements.
you should not allow yourself to fall asleep.
begin.

(Length of instructions:

However,

Okay, we are ready to

one minute and forty seconds).

Combined Autogenic/Audio Feedback Condition:

Begin by changing

your position and getting as comfortable as possible.

As you

probably remember from our last session, one of the things that I
want you to do to relax is to make the pitch of the tone that you
hear through your right headphone go down.

Remember, the tone

reflects the muscle tension level in your face and forehead.
tone goes down, your muscle tension level is also going down.

As the
I want
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you to try to make the tone as low as possible.

Also, I want you

to try to relax as completely as possible by following the verbal
relaxation formulas which will be given to you.

Please remember to

repeat them over and over as monotonously as possible during the
«

periods between the phrases.

Remember, it is very important that you

keep your eyes closed and avoid making any unnecessary movements.

It

is very important that you try to relax and remain as still as possible.
However, you should not allow yourself to fall asleep.
ready to begin.

(Length pf instructions:

Okay, we are

two minutes and fifteen

seconds).
The instructions for the ijollow-up session were:
Minimal Training Condition:

Begin by changing your position

and getting as comfortable as possible.

I would like you to relax

as completely as possible at all times during the next twenty minutes,
using whatever means you would like to do this.

Again, it is very

important that you keep yo'ur eyes closed and remain as still as
possible.

You should also not allow yourself to fall asleep.

Remember, I would like you to relax as completely as possible during
the next twenty minutes, using whatever means you like to do this.
Okay, we are ready to begin.

(Length of instructions:

one minute

and twenty-six seconds).
All Other Conditions:

Begin by changing your position and

getting as comfortable as possible.

I would like you to relax as

completely as possible at all times during the next twenty minutes,
using whatever means you would like to do this.

Unlike the earlier
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the earphones to aid you in relaxing.

Again, it is very important that

you keep your eyes closed and remain as still as possible.
also not allow yourself to fall asleep.

You should

Remember, I would like you

to relax as completely as possible during the next twenty minutes,
using whatever means you like to do this.
begin.

(Length of instructions:

Okay, we are ready to '

one minute and thirty-two seconds).

RESULTS

The EMG frontalis muscle tension levels obtained from each
subject every minute during the 20 minutes of each session comprise
the primary dependent measures in this study.

For purposes of

evaluating the data the mean of the first five minutes in which the
subject's EMG readings were free of movement artifacts was used as
the subject's initial tension level for each session.

The mean of

the last five minutes without movement artifacts was used as the
subject's final tension value for each session.
Figure 1 presents the mean tension levels of the first five
minutes of each session in njicrovolts for the four treatment
conditions.

In general Figure 1 indicates that three of the

conditions (combined, autogenic, minimal training) showed a
sizeable decline over training sessions.

Figure 1 shows that the

feedback group began training with an average tension level much
lower than the three other conditions, however, an analysis of
variance indicated that this difference was not statistically
significant (F£l).

One or the other of the biofeedback groups had

the lowest initial tension levels in all sessions.

The initial

tension levels for the follow-up session were consistent with the
fifth session results, except for the feedback condition which
registered its highest level of any session.

An analysis of variance

over all training days indicated that the initial tension levels did
28
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not differ significantly between the feedback and no-feedback
conditions (p^.20).

An analysis of variance for the follow-up

session indicated that there were no significant differences between
conditions for either the first five minutes (p ^.20) or the last
five minutes (F^l) of this session.

Tables 1, 2, and 3 present a*,

summary of the statistical information for the treatment conditions.
Figure 2 shows the mean muscle tension levels in microvolts of
the last five minutes of each session for each condition.

The

autogenic condition obtained the highest final levels in four of the
five training sessions and matched the feedback condition for the
highest tension level in the follow-up session.

In fact, the

autogenic condition experienced a definite increase in tension level
after the third session.

One of the feedback conditions had the
*

lowest end-of-session tension levels in all sessions, but an analysis
of variance over all training days indicated that the final tension
levels did not differ significantly between the feedback and no
feedback conditions (p^.20).

The minimal training condition made

a nice showing on the fifth day and in the follow-up session.
Figure 3 shows the mean microvolt levels of all treatment
conditions for both the first and last five minutes of each session.
In effect this figure connects the points of Figures 1 and 2 to
reveal the within-session changes.
in all sessions.

All conditions showed decreases

In general the feedback conditions (feedback and

combined) manifested lower tension levels than the other two
treatment conditions.

The combined condition demonstrated consistent

between-session as well as within-session reductions in muscle
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TABLE 1

ANALYSIS OF VARIANCE FOR ALL TRAINING SESSIONS

First Five Minutes

Biofeedback vs. No Biofeedback
Feedback vs. Combined
Autogenic vs. Minimal
Error

df

MS_

1
1
1
19

14466
1212
14
10613

F
1.36

p
J—
>.20

11
4

1

Last Five Minutes
df
Biofeedback vs. No Biofeedback
Feedback vs. Combined
Autogenic vs. Minimal
Error

1
1
1
19

MS
11574
91
2773
7296

F
1.59

£
> .20

41
<1

Percent Change
df
Biofeedback vs. No Biofeedback
Feedback vs. Combined
Autogenic vs. Minimal
Error

1
1
1
19

MS
934
864
10681
11085

F
<1
<1
<1

£
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TABLE 2

ANALYSIS OF VARIANCE FOR FIRST SESSION INITIAL SCORES
AND FOLLOW-UP SESSION

First Five Minutes
of First Session
df
Conditions
Error

3
19

MS_
475.95
1116.88

F

E.

<1

First Five Minutes
of Follow-Up Session

Conditions
Error

df

MS

3
15

687.60
431.15

df

MS

3
15

266.27
393.46

F
1.59

E.
>.20

Last Five Minutes
of Follow-Up Session

Conditions
Error

F
<1

E.
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TABLE 3
EMG MICROVOLT AVERAGES AND PERCENT CHANGE FOR THE FIRST AND
LAST FIVE MINUTES OF EACH SESSION

Mean Levels for the First Five Minutes of Each Session
Session No.
1
2
3
4
5
F

Minimal

Autogenic

Feedback

11.91
9.63
10.88
7.89
7.26
7.79

11.27
10.62
8.71
8.64
8.75
9.54

7.70
6.56
6.32
6.29
8.87
12.18

Combined
11.22
8.29
6.62
6.93
6.33
7.22

Mean Levels for the Last; Five Minutes of Each Session
Session No.
1
2
3
4
5
F

Minima 1
7.86
5.09
6.50
5.72
5.16
6.12

Autogenic
9.11
6.12
5.98
7.76
7.47
8.62

Feedback
5.85
4.60
4.73
2.85
5.76
8.68

Combined
7.10
5.20
4.84
4.14
4.66
5.97

Mean Percent Change in Levels for Each Session
Session No.
1
2
3
4
5
F

Minimal

Autogenic

45.5
44.5
35.2
29.2
30.8
26.3

19.2
44.3
34.3
14.5
13.2
7.5

Feedback
35.0
29.8
22.4
54.0
36.6
28.0

Combined
36.2
26.3
28.0
40.8
28.7
26.5

Fig. 2.--Mean tension levels for last five minutes
of each session
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tension levels.

The minimal treatment condition also showed large

decreases in muscle tension within training sessions.

The autogenic

condition manifested the smallest amount of tension reduction of any
treatment group during the ]Last three experimental sessions.
«
Figure 4 shows the mean percent change in scores for each
condition during each experimental session.

To obtain these values

the final EMG values were expressed as a percentage of the initial
tension levels for each subject, then the percentages were summed
for each session within conditions and divided by the number of
subjects.

The resulting average percentage was then subtracted

from 100 to obtain the mean percent change for each condition during
each session.

In general Figure 4 shows that the two feedback

conditions tracked each other closely in the amount of change
registered for each session.

The minimal training condition usually

was at or near the top in amount of change recorded during each
session.

The autogenic condition usually had the smallest within-

session change.
The several conditions will now be reviewed separately to
provide perspective on the effectiveness and ineffectiveness
of each.
Autogenic Condition
The autogenic condition evidenced a steady decrease in initial
muscle tension levels (see Figure 1) for the first three sessions,
then stabilized around 8.9 microvolts for the last three training
sessions.

Even in the follow-up session the initial tension level

was less than one microvolt Above the average initial tension level

Fig. 4.--Mean percent change for each session

Minimal

A ---------A

Autogenic

—

—

-

-

Feedback

□ -------- □

Com bined

O---- o

60

§

J________ I_________L
1

2

3

J
4

SESSIONS

5

F

42
for the last three training sessions.

The autogenic condition

obtained the highest terminal muscle tension levels (see Figure 2)
in four of the five training sessions and matched the highest
level in the follow-up session as well.

In fact, a consistent rise

in end-of-session tension levels occurred after the third day.
As for within-session changes (see Figure 3), the autogenic condition
decreased only about two microvolts during the first session.

On

the second day of training the autogenic condition had its largest
decrease, about four microvolts.

On the third day the autogenic

condition began with a lower initial value than on any previous day
of training and decreased 2.73 microvolts.

The terminal value of

5.98 microvolts was the lowest level achieved by the autogenic group
in any session.

Thereafter, including the follow-up, the within-

session changes were very small (0.88, 1.38, and 0.92 microvolts)
as the terminal tension levels edged upwards.

Mean percent change

(see Figure 4) was very small on these days also.

The overall

impression is that the autogenic procedure was effective on the second
and third days and that it became ineffective as training progressed.
Its effectiveness as a relaxation treatment was transient and it was
the most inferior condition in almost all of the comparisons on the
last two training days and the follow-up session.
Minimal Training Condition
The minimal training condition demonstrated some variability in
initial tension levels (see Figure 1) for the first three sessions.
The initial tension level for the fourth and fifth sessions was
less than eight microvolts and for the follow-up session was only
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7.79 microvolts.

The minimal training condition likewise showed

some day-to-day variability in its final muscle tension levels
(see Figure 2).

It ended the first day near eight microvolts and

the second day value at 5.09 microvolts, the lowest value achieved
by this condition in any session.

The third day the terminal value

was about one and one-half microvolts higher, however, on the last
two training days it was again less than six microvolts.

The

follow-up session ended with a tension level of 6.12 microvolts.

The

minimal training group showed large decreases within the first three
days (see Figure 3).
each session.

The changes were over four microvolts during

On the last two training days the decreases were

slightly more than two microvolts.

In the follow-up session the

minimal training condition registered a decrease of 1.67 microvolts.
Thus, the size of the within-session changes shrank as the initial
tension values fell.

Mean percent change was greatest in the first

two sessions, though it averaged 307. during the last two training
sessions.

The percent change was 26.37. for the follow-up session.

The overall picture is one of sizeable reductions in tension within
the first few sessions with a tapering off in the amount of withinsession change as initial tension levels bottom out.

The overall

tension reductions are maintained at the time of the follow-up
session.

No regression in tension level, such as occurred in the

autogenic condition, is indicated.
Feedback and Combined Conditions
The quantitative results are sufficiently similar for the two
biofeedback groups that the two conditions will be discussed
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together.

It should be noted that the combined condition was

generally more stable from day-to-day than the feedback condition.
Initial tension levels were low for these groups on most days of
the experiment (see Figure 1).

The exceptions were the first day

for the combined condition and the fifth and follow-up sessions
for the feedback group.

The biofeedback groups not only had the

lowest initial tension levels, they also had the lowest terminal
levels (see Figure 2).

The feedback group was the lowest on the

first four days and the combined group was lowest on the last training
day and at the end of the follow-up session.

If a low initial tension

level restricts tension reduction, as it surely must to some degree,
then these groups would be expected to show the least within-session
decreases and the smallest mean percent change.
indicates their effectiveness.

That they do not

A large decrease (4.12 microvolts)

was displayed by the combined condition during the first training
session (see Figure 3).

A lesser, though still substantial,

decrease of 3.09 microvolts occurred the second day.

As the initial

tension level was almost three microvolts less, this makes a total
of six microvolts less than the first five minutes of the first day
of training.

In later sessions, the decreases were smaller (from

1.67 to 2.78 microvolts).

In the follow-up session the combined

condition displayed a small increase over the fifth training session,
but still maintained its superiority over all other conditions in
both initial and final tension levels.
reversed for the feedback group.

The pattern of decreases was

Initial tension level was quite

low in the early sessions and the decreases were modest (less than
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two microvolts).

However, jin the last two training sessions and

in the follow-up the within-session changes were more than three
microvolts.

So both the biofeedback conditions showed decreases in

all sessions, the magnitude of which was correlated with initial
«

tension level.

The mean percent changes were strikingly similar

for these two conditions.

Except for Day 4, the mean percentages

range from 22.47. to 36.67. for the feedback group and from 26.37. to
36.27. for the combined group.

On the fourth day the values were

54.07. and 40.87. respectively.

To summarize, the biofeedback

conditions were effective in reducing tension within sessions and,
more importantly, between sessions.

It is the day-to-day reduction

in tension level which seems to characterize these treatments.

Thus,

low tension levels were maintained, except for the curious
performance of the feedback group during the follow-up session (a
likely explanation for which is considered in the next chapter).

DISCUSSION

Although the present study found no statistically significant
performance differences between the four treatment conditions,
several consistent patterns worthy of interpretation are apparent
from an inspection of the figures.
Inspection of Figures 1, 2, and 3 suggests that auditory
feedback training is more effective in reducing muscle tension both
between and within sessions than either a minimal treatment condition
in which subjects are told simply to relax or a verbal training
condition in which subjects are given a tape of Schultz's autogenic
phrases.

The bio feedback groups obtained the lowest initial and

terminal tension levels in almost all experimental sessions, a
trend supported by the results of other researchers such as Haynes
(1971) and Cleaves (1970).
Another interesting trend in the present study concerned the
amount of reduction in muscle tension achieved by the autogenic
condition.

Figures 1, 2, and 3 show that this condition not only

did poorer than the two biofeedback conditions, but also performed
more poorly than the minimal treatment condition, which functioned as
little more than a control group in this study.

The inferior

performance of the verbal training condition is not without precedent
in the literature.

Walberstein, (1952) found continuously rising

gradients of frontalis muscle tension in normal subjects reclining
46
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in a chair and listening to a story.

Perhaps the subjects in the

autogenic condition found the verbal component in this form of
relaxation training to be stress-inducing, even as Walberstein1s
subjects did.

Any such arousing effects, however, may have been

weakened by the same instructions and incentive to relax which caused
the good performance of the minimal treatment condition.

The

consistent pattern of poor results for the verbal relaxation training
found in this study do conflict with other studies done comparing
different relaxation techniques with control conditions,
Cleaves, 1970; Haynes, 1974).

(e.g.,

In the Cleaves' study, subjects in

the verbal training condition registered about nine microvolts after
20 minutes of training.

In the present study, after a comparable

amount of training, autogenic subjects averaged 9.11 mean microvolts.
It may not be that Cleaves' autogenic subjects relaxed so well, but
rather it may be that his control condition did poorly, perhaps
because of the length of the session (as he commented in discussing
his results) or lack of sufficient incentive.
One surprising result found in the present study is the reduction
in tension displayed by subjects in the minimal training condition
(see Figure 3).

Perhaps a few words from Budzynski and Stoyva (1972,

p. 452) can shed light on this finding.

"Young normal subjects are

often skilled at relaxing even without EMC feedback...."

The

college students used in the minimal treatment condition of the present
study were instructed to relax and given research credits, as well as
the promise of a sizeable monetary reward for achieving the lowest
tension levels.

They consistently performed well under these
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conditions.

A comparison of the present control subjects with Cleaves'

subjects is enlightening.

Cleaves' control subjects were averaging

12.5 microvolts after 20 minutes of training.

In the present study

at the end of the first session, minimal treatment subjects were
averaging 7.86 microvolts, a level comparable to the one achieved
under Cleaves' most effective condition, auditory feedback, after 20
minutes of training.

Possibly, these figures can be interpreted as a

statement on the effectiveness of the incentive offered subjects in
the present study.
Subjects in the treatment condition in which auditory feedback
training was combined with verbal training performed no better than
subjects in the feedback only condition during training sessions
(see Figures 1, 2, and 3).

This outcome conflicts with suggestions by

researchers who had worked extensively with EMG biofeedback in
relaxation training (the Greens and Budzynski and Stoyva) who
recommend combining EMI feedback training with verbal training to
improve relaxation training results.

However, no published reports of

well controlled experiments could be located that verified such a
recommendation.

In the follow-up session the feedback only condition

registered a large increase in tension levels over levels obtained
on previous days of training.

Perhaps the difficulty in learning

what proprioceptive cues are associated with a relaxed muscle state
interfered with the generalization of relaxation training effects to
non-training situations.

Perhaps the feedback-only condition found

the relatively unstructured follow-up session more tension arousing
than did the other treatment groups.
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Under all conditions subjects decreased in their muscle tension
levels during the experimental sessions, however, the autogenic
training condition produced the least decrement in all but one of
the experimental sessions and obtained fairly high initial tension
«

levels in most of the sessions.

Yet the combined condition, in which

subjects were given the same verbal training as in the autogenic
condition, consistently produced among the lowest initial and terminal
tension levels.

Subjects in this condition also manifested decreasing

EMG levels across days, registering lower initial levels for almost
every consecutive day of training.

Perhaps this discrepancy between

the poor performance of the autogenic group and the good performance
of the combined condition may have been due to the fact that subjects
in the combined condition directed more attention toward the lowering
of the tone and concentrated less on repeating the verbal training
phrases to themselves.
The trends indicated in the follow-up session are of some
clinical interest due to their implications concerning the retention
of EMU relaxation training.

The combined condition, the treatment

condition receiving the most intensive training, obtained the lowest
initial and terminal tension levels.

However, this condition was

closely followed by the minimal treatment condition which received
no training.

Perhaps when one is dealing with subjects (or clients)

given good incentive to relax, simply instructing them to relax (and
providing the situational opportunity for them to do so) may work as
effectively as much more complicated and costly training procedures.
The variance in the length of the instructions might have
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affected the results.

The instructions for the first session, minimal

training condition, lasted one minute and seven seconds.

For the

same session the autogenic instructions lasted one minute and forty
seconds and the feedback instructions lasted two minutes and fortyfive seconds.

The instructions for the combined condition ran for'

three minutes and twenty-five seconds-- two minutes and eighteen
seconds longer than the instructions for the minimal training
condition.

Data recording began one minute after the end of the

instructions, with no regard for the variation in the length of
the instructions.

Thus, the combined condition had a much longer

time than any other condition to begin relaxing while listening to
the instructions, particularly during the first session.

The large

amount of change manifested by the minimal treatment group may have
been partially an artifact of their more abbreviated pre-measurement
settling down periods.
A future study investigating the effects of biofeedback training
in producing relaxation might incorporate the strengths and eliminate
many of the problems of the present experiment.

A better selection

method for subjects from a non-clinical population would involve
obtaining baseline EMG readings on each prospective subject ten
minutes a day for several days prior to selection.

Only those with

consistently high EMG levels should be included in the sample
population.

Such a selection procedure would eliminate individuals

with initial low tension levels who are limited by their low baseline
readings in the amount to which training can produce effects.

This
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method of selection would also allow for better control of the
amount of individual variation in the sample population.

The size

of the sample population should be increased to a minimum of eight
subjects in each condition and training should be extended to eight
or ten sessions.
obtained.

Perhaps data from two follow-up sessions should be

One session could be held four days after the last

training session and one session and one session a week after the last
training session.

A better control condition would involve one group

of subjects receiving soft music or perhaps a monotonous tone during
each of the training sessions.

Such a condition would allow

assessment of the effect of a minimal auditory stimulus on relaxation
instructions.

Perhaps a fifth condition could be added, a condition

in which subjects listen to the same 20-minute story for eight to ten
consecutive sessions.

Such a condition could permit a comparison

between the verbal stimulation of relaxation formulas and the verbal
stimulation of a story.
Such an experiment would further investigate the comparative
effectiveness of verbal training, biofeedback training, and a
combination of both methods in reducing muscle tension.
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APPENDIX A
GENERAL INTRODUCTION TO EXPERIMENT FOR ALL SUBJECTS
First Session
Hello _________________________ . As you may remember from our first
interview, my name is Carmen Kaimann. Would you please follow me?
(Experimenter leads way into the laboratory). As I informed you
previously, this is a study in relaxation. For about half an hour
today I want you to sit in this chair in the room you can see
through the window (experimenter points to the testing room) and
relax as completely as possible. I will be measuring how well you
are relaxing with this equipment (experimenter points to the EMG
and Integrator) which measures your muscle tension. The four people
with the lowest muscle tension at the end of the experiment will
receive four $10 cash prizes, and the four people with the next lowest
muscle tension levels will receive $5 cash prizes. That is, the eight
people with the lowest muscle tension levels will receive a monetary
reward in addition to research credits. Okay, let us go into the
experimental room and I'll prepare the equipment for you.
(Experimenter
leads way into experimental chamber). Have a seat over there and get
comfortable. In order to measure your muscle tension, I will be
attaching these electrodes (experimenter shows subject the electrodes)
to your forehead. It is very important for the skin to be clean in
order to get a good measurement, so I will clean your forehead
with this cleaner.
(Experimenter cleans forehead with Brasovil
skin cleaner and then applies alcohol, which is then dried by
experimenter). Now I will apply a jelly-like substance to the
electrodes; again it is important to do this to obtain a good
measurement.
(Experimenter applies electrode jelly) I'll attach
the electrodes now. Let me assure you that there is no possibility
of you receiving any electrical shock throughout this entire
experiment. Now I am placing the electrodes on your forehead by
means of this headband. Does that feel comfortable? It is very
important that the headband be loose enough. Okay, now could
you put these earphones on your head. Feel free to adjust them so
that they feel comfortable. Wow I am going to leave the room. In
a couple of minutes you will receive instructions through the
headphones on what I want you to do to help you relax. Please
follow them carefully.
(Experimenter leaves the room.)
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Second Through Sixth Sessions

Hello _________________________. Could you please follow me back
to the testing room? (Experimenter leads way back to testing
room). Have a chair and get comfortable. Again I need to clean
your forehead to insure a good measurement.
(Experimenter cleans
subject's forehead). Okay, now I will apply the Electrode paste
to the electrodes and then place them on your head. Do you have
any comments about the previous session? Okay, now could you put
the earphones on your head. Be sure to adjust them so they feel
comfortable. Now I am going to leave the room. In a few minutes
you will receive instructions reminding you what I want you to do
to help you relax. Be sure to follow them carefully.
(Experimenter
leaves the room.)
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APPENDIX B
Relaxation Phrases

I am beginning to feel quite relaxed.
My toes feel very- heavy and warm.
My toes feel very heavy and relaxed.
My right foot is very heavy and warm.
My right foot feels very heavy and relaxed.
My left foot is very heavy and warm.
My left foot feels very heavy and relaxed.
My right leg is very heavy and warm.
My right leg feels very heavy and relaxed.
My left leg is very heavy and warm.
My left leg feels very heavy and relaxed.
I am repeating these relaxing phrases over and over to myself.
I feel the heaviness and warmth flow up through my body.
The whole central portion of my body feels warm and relaxed.
The whole central portion of my body feels calm and relaxed.
My fingers feel very heavy and warm.
My fingers feel very heavy and relaxed.
My right hand feels very heavy and warm.
My left hand feels very heavy and warm.
My hands feel very heavy and warm.
My lower arms feel very heavy and warm.
My upper arms feel very heavy and warm.
My right arm feels very heavy and warm.
My left arm feels very heavy and warm.
My arms feel very heavy and relaxed.
My right shoulder is very heavy and warm.
My left shoulder is very heavy and warm.
My shoulders, feel very heavy and relaxed.
My right side is very heavy and warm.
My left side is very heavy and warm.
My whole body feels very heavy and relaxed.
My heart beat is calm and regular.
I feel very quiet and at peace.
I feel quite relaxed.
I am repeating these relaxing phrases over and over to myself.
I feel very quiet and at peace.
The back of my neck is very heavy and warm.
The muscles in my neck are very heavy and warm.
My jaw is very heavy and warm.
All of the muscles around my jaw relax.
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My forehead feels relaxed and smooth.
My forehead is agreeably cool.
I feel very quiet and at peace.
My whole body feels heavy and relaxed.
I feel quite relaxed.
My breathing is deeper and deeper.
My heart beat is calm and regular.
My mind is calm and quiet.
I feel an inward quietness.

57

APPENDIX C
Measures for Subjects in Minimal Treatment Condition
Session

First
Five
Minutes

04

1
2
3
4
5
F

3.3
9.6
7.6
7.3
35.9
15.7

2.3
7.5
6.6
5.5
32.0
11.1

70
78
87
75
89
71

06

1
2
3
4
5
F

10.4
22.0
38.6
31.6
23.0
30.7

1.7
9.9
30.8
10.4
7.1
21.3

16
45
80
33
31
69

09

1
2
3
4
5
F

66.4
28.4
65.5
29.8
39.8
26.2

24.3
15.3
34.1
22.4
14.3
13.4

37
54
52
75
36
51

10

1
2
3
4
5
F

144.3
51.8
93.1
69.5
36.7
59.7

121.4
26.9
46.6
52.3
44.1
68.7

84
52
50
75
120
115

15

1
2
3
4
5
F

89.0
140.2
78.5
54.2
42.2
49.3

64.0
74.6
56.2
39.1
26.1
34.8

72
53
72
72
62
71

16

1
2
3
4
5
F

43.8
36.9
43.1
44.3
40.3
52.0

22.2
18.6
20.8
42.0
11.3
34.3

48
51
48
95
77
65

Subject

Las t
Five
Minutes

Last Five
First Five
Percent
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APPENDIX C--(Continued)
Measures for Subjects in Autogenic Condition

Subject

Session

First
Five
Minutes

Last
Five
Minutes

Last Five Minutes
First Five Minutes
Percent Score
«

07

1
2
3
4
5
F

92.9
93.7
82.1
63.0
73.4
57.9

55.6
39.2
38.5
36.9
22.7
36.4

60
42
47
59
51
63

08

1
2
3
4
5
F

17.7
12.6
11.4
14.5
4.4
17.3

7.2
9.7
4.0
7.9
2.4
16.5

41
77
35
54
55
95

11

1
2
3
4
5

52.4
58.6
119
55.0
17.1
31
48.0
53.4
111
52.9
68.4
129
50.9
70.3
138
Follow-up data excluded due to machine
malfunctioning

18

1
2
3
4
5
F

56.4
49.2
31.3
68.0
38.3
41.1

50.1
35.0
23.7
54.0
49.5
46.8

89
71
76
79
129
114

19

1
2
3
4
5
F

54.1
84.5
56.0
39.1
46.5
74.4

61.2
77.5
44.7
54.2
53.8
72.6

113
92
80
139
116
98

22

1
2
3
4
5

64.7
40.6
63
23.6
5.0
21
32.6
14.8
45
21.7
11.4
53
49.1
25.4
52
Follow-up data excluded due to machine
malfunctioning
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APPENDIX C--(Continued)
Measures for Subjects in Feedback Condition

Subject

03

Session

First
Five
Minutes

Last
Five
Minutes

1. 0

Last Five Minutes
First Five Minute
Percent Score

1
2.
3
4
5
F

8.9
23.9
26.8
34.5
68.4
44.0

13.1
25.8
15.1
49.8
23.7

11
55
96
44
73
54

12

1
2
3
4
5
F

50.3
24.3
26.5
22.0
28.8
49.5

64.3
21.4
21.8
7.1
24.5
47.9

129
88
82
32
85
97

20

1
2
3
4
5
F

44.6
61.4
57.8
34.2
48.3
75.3

40.1
42.6
37.3
32.4
27.8
56.8

90
69
65
95
58
75

21

1
2
3
4
5
F

40.2
28.3
20.8
17.8
22.1
73.9

26.0
19.5
17.5
6.9
8.7
35.7

65
69
84
39
39
48

24

1
2
3
4
5
F

48.6
26.2
26.1
48.8
53.6
61.8

14.8
18.4
15.8
9.7
33.3
53.0

30
70
61
20
62
86

05

Data on this subject excluded due to her previous
biofeedback training.
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APPENDIX C--(Continued)
Measures for Subjects in Combined Condition

Subjects

Session

First
Five
Minutes

Last
Five
Minutes

Last Five Minutes
First Five Minutes
Percent Score

9.4
20.0
4.5
4.4
21.0
23.9

35
133
45
56
81
79

02

1
2 ■
3
4
5
F

27.1
15.0
9.9
7.9
25.9
30.3

12

1
2
3
4
5

32.4
28.9
89
32.6
21.5
151
12.6
6.4
51
41.8
32.4
78
42.1
69
60.7
Follow-up data excluded due to machine
malfunctioning

13

1
2
3
4
5
F

49.1
14.5
26.2
34.8
16.5
12.9

14

1
2
3
4
5

63.6
90
70.8
65.4
51.1
78
76.0
57.8
76
47.0
34.0
72
53.3
44.9
84
Follow-up data excluded due to machine
malfunctioning

17

1
2
3
4
5
F

95.0
43.1
53.4
43.8
17.4
61.5

48.5
6.8
32.5
13.5
4.747.8

51
16
61
31
27
78

23

1
2
3
4
5
F

62.2
89.1
20.637.5
16.2
39.6

21.7
42.2
29.719.0
24.5
44.5

35
42
144
58
151
112

40.9
3.2
14.3
20.9
2.7
3.2

83
22
55
60
16
25
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